Based on original descriptions of brain calcification by Theodor Fahr, brain calcification, and more specifically basal ganglia calcification, is referred to as Fahr's syndrome. Recent identification of genetic mutations has concerted the description of this erstwhile heterogeneous condition which we refer to here as Fahr's disease. Fahr's disease refers to idiopathic calcification of the basal ganglia without a secondary (non-genetic) cause. Idiopathic basal ganglia calcification (IBGC) is another term, which offers a more accurate description of this condition. Within the last 2 years, genetic mutations for IBGC have been described in SLC20A2, PDGFB, and PDGFRB. These findings broaden our understanding of the pathophysiology and encourage a search for specific treatment options in this rare but disabling condition. Clinically, parkinsonism, dystonia, and other movement disorders are the most common clinical features, but psychiatric features can predominate. Cases with confirmed genetic mutations reveal new clinical features linked with Fahr's disease, such as headaches. Computed tomography or magnetic resonance imaging is usually the trigger for suspecting Fahr's disease and important for identifying the calcification pattern. Symmetric calcification of the globus pallidus, thalamus, and dentate nucleus is the most common pattern in IBGC, but other parts of the brain such as the cerebellum are involved. Treatment of Fahr's disease is currently limited and is largely symptomatic. A better understanding of this condition in light of genetic findings is important to improve the clinical diagnosis and develop specific treatment options.
Historical perspective
Idiopathic calcification of cerebral vessels or "Idiopathische Verkalkung der Hirngefässe" was described by the German neurologist Theodor Fahr in 1930. 1 His report was based on an 81-year-old patient with dementia and "immobility without paralysis". This later led to the eponym "Fahr's disease" to describe idiopathic brain calcification. However, for historical accuracy, it was actually Delacour from France in 1850 2 who first recognized "ossification of brain capillaries" in a 56-year-old man whom he described as having "stiffness and weakness of the lower extremities with tremor". After Delacour's report but before Fahr's description, Bamberger wrote an article in 1855 entitled "Observations and comments about brain diseases", in which he described a woman with mental retardation and seizures who was found to have calcifications of the cerebral vessels. 3 Some authors have argued that "Fahr's disease" is a misnomer because Fahr was neither the first to describe calcification in the brain nor did he contribute significantly to the understanding of this disorder of arteriosclerotic calcification, which Orphan Drugs: Research and Reviews downloaded from https://www.dovepress.com/ by 54.149.157 .207 on 11-Oct-2016 For personal use only. Powered 
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Tai and Batla is well recognized and common. 4 However, Fahr's description was the first of what has also been labeled as "idiopathic nonarteriosclerotic cerebral calcification". It is also interesting to note that medical parlance at that time was not conditioned to so-called "parkinsonism", which became much more commonly used in the early 20th century.
Radiologically, using roentgenography, calcification "mainly in the basal ganglia" was described by Fritzsche in 1924. 5 Interest was drawn again to this disease when Boller et al described nine members of the same family with familial idiopathic brain calcification in 1977. 6 There are at least 35 additional names used in the literature to describe the same condition of idiopathic basal ganglia calcification (IBGC), 7 a term used to support genetic terminology. Another commonly used term is bilateral striopallidodentate calcinosis. 8 However, "Fahr's disease" has become closely associated with the condition and is frequently used in the literature to describe it. Despite popular reference, IBGC is a more appropriate term for this condition and will be used in this article interchangeably with Fahr's disease. The choice of the term IBGC is additionally based on the fact that earlier studies localized the genetic basis of Fahr's disease as IBGC1, IBGC2, IBGC3, and IBGC4. [9] [10] [11] [12] In this review, we aim to disentangle what should or should not be considered IBGC, describe the underlying genetics, and focus on confirmed genetic descriptions to offer a unique insight into the clinical features specific to IBGC. An approach to diagnosis, radiological identification, and management of IBGC is discussed.
When is brain calcification not Fahr's disease?
Intracranial calcification on brain computed tomography (CT) is a common finding, with studies reporting variable incidence rates. Two studies performed in the 1980s examining 7,040 and 6,348 patient scans revealed that 1.02% and 1.1% of patients, respectively, had symmetric intracranial calcification, 13, 14 while a study by Yamada et al reported symmetric brain calcification in 17.2% and 20.6% of CT brain images over 1 year across two sites. 15 This significant variation may be explained by improved access to CT imaging and an aging scanned population, but also reflects the need to better understand what is and what is not Fahr's disease. 4 Basal ganglia calcification can be secondary to a long list of causes, as outlined described in Table 1 . The calcification can be unilateral or bilateral, and should not be called Fahr's disease because they are not idiopathic. It is a common misconception that any brain calcification can be called Fahr's disease, and stems from the fact that Fahr described a case of brain calcification without an underlying cause. This is one argument for using the term IBGC instead of Fahr's disease. Considering its idiopathic label, the etiology of IBGC is not completely unknown and several responsible genes have been identified. 16 However, like some other "idiopathic" disorders, such as Parkinson's disease, the term idiopathic is often applied to genetic cases.
Pathophysiology and genetics
Our understanding of the pathophysiology of IBGC has evolved significantly since the initial suspicion of "ossification" of blood vessels 1 and the description by Fahr. Genetic advances have revealed that IBGC is genetically heterogeneous, with four genetic loci described based on linkage and haplotype analyses. IBGC-related gene loci have been mapped to 14q11.2-21.3 (IBGC1), 9 2q37 (IBGC2), 10 8p21.1-q11.13 (IBGC3), 11 and 5q32 (IBGC4). 12 SLC20A2 was the first gene reported (in the IBGC3 region), and so far 218 patients from 29 IBGC families are documented to have mutation in SLC20A2. 17, 18 The fourth locus was identified in 2013 and linked to PDGFRB using exome sequencing in two affected family members with IBGC. 12 In a more recent report of genetic analysis in six families, nonsense and missense 
45
Current perspectives on Fahr's disease mutations in the gene encoding platelet-derived growth factor-beta (PDGFB), the main ligand for PDGFRB, was reported in familial IBGC. 19 Experimental mice expressing 50% less endothelial PDGFB were shown to developed substantial brain calcification at 1 year of age. Thus, genetic mutations in SLC20A2, PDGFRB, and PDGFB have been found so far and additional genes will likely be identified. This opens up an era of more advanced understanding and possible therapeutic targets to prevent progressive calcification changes in IBGC. The genetic mutations identified so far have different pathogenic mechanisms. Loss of endothelial PDGFB is the proposed mechanism, and this correlates with the degree of pericyte and blood-brain barrier deficiency. SLC20A2, however, is a member of the type III sodium-dependent phosphate transporter family, and loss-of-function mutations may lead to regional accumulation of inorganic phosphate in the brain, causing deposition of calcium phosphate.
Combined, these facts suggest that IBGC is not a monogenic disorder, and several mechanisms of calcium or phosphate transport are involved in causing the end result of brain calcification. Most of these mechanisms are related to the vascular endothelium or blood-brain barrier physiology. This helps to explain why calcium and other mineral deposits in pathological cases have been predominantly in the walls of capillaries, arterioles, small veins, and perivascular spaces, 20 and also helps, in retrospect, to accredit Fahr's original observation of "idiopathic calcification of cerebral vessels". This calcification may contain several other trace elements and may be complicated by neuronal degeneration and gliosis. 21
Clinical presentation
A wide clinical spectrum of IBGC is described in the literature, and there are several reasons for this. First, most of the data are derived from individual case reports of this rare condition. Second, there is marked heterogeneity in the clinical presentation of genetically proven cases of IBGC. Even within the same family, individuals present with different clinical features or may be asymptomatic despite brain calcification seen on brain imaging. In one purpose-built registry of patients labeled as having bilateral striopallidodentate calcinosis, 38 patients were studied and 30 had autosomal dominant inheritance. 8 The authors reported their mean patient age as 43±21 years, and found the mean age of published cases to be 38±17 years. The male to female ratio was 2:1. In the combined data (n=99), 32 were asymptomatic.
Movement disorders were the most common features, and were seen in 55% of symptomatic patients with parkinsonism (57%), chorea (19%), tremor (8%), dystonia (8%), athetosis (5%), and orofacial dyskinesia (3%). Other features included cognitive impairment, cerebellar signs, gait disorders, speech disorder, pyramidal signs, psychiatric features, sensory changes, and pain.
Currently, with the advent of genetic testing, reports of IBGC confirm mutations in the SLC20A2, PDGFB, or PDGFRB genes. While it is likely that more causative genes will be found, it may be useful to examine clinical features in cases with genetic confirmation to attempt a focused clinical description of IBGC.
In one series of genetically confirmed cases with SLC20A2 mutation (n=33), almost half (n=15) were asymptomatic. Pallilalia, tremor, paroxysmal dyskinesia, dizziness, headaches, seizures, and psychiatric features were commonly described in the remainder. 18 In another series with SLC20A2 mutation, including 108 affected patients from 28 families, movement disorders, parkinsonism, cognitive deficits, and psychiatric disturbances were seen most often. 17 Similarly, in genetically proven cases with PDGFRB (n=15), almost half (n=7) were asymptomatic. Migrainous headaches, seizures, and psychiatric features, including attention deficit hyperactivity disorder and anxiety, were reported to be common features. 12 It is interesting to note that some gene carriers are asymptomatic, while others have had migraine/headache with or without movement disorders. 2 Considering that headaches are quite common and Fahr's can be asymptomatic, it is difficult to ascribe certainty to this association.
A review of the clinical features in all published case series and case reports is found in Table 2 , which collates clinical features described in IBGC patients with confirmed mutation in SLC20A2, PDGFRB, or PDGFB. While clinical heterogeneity is evident, a movement disorder such as parkinsonism is reported with the highest frequency followed by psychiatric symptoms of psychosis and depression. There is also a moderate frequency of headache reported, which is not a usual feature associated with IBGC.
Radiological findings
The main radiological investigation in IBGC is CT imaging, which is considered more sensitive than magnetic resonance imaging. 8 All reports of IBGC with confirmed genetic mutation in the literature have radiological findings from As with clinical features, the radiological findings are heterogeneous, and the most commonly observed is calcification of the basal ganglia, including globus pallidus, thalamus, and dentate nucleus in a symmetric pattern. Other areas of calcification less consistently reported include the brainstem, cerebellum, and the cortical and subcortical white matter (Figure 1 ).
Clinical correlation with radiological findings is similarly not straightforward. Members of IBGC families may demonstrate characteristic clinical features, including movement disorder and psychiatric symptoms, or be asymptomatic despite showing a similar pattern of calcifications. This is a consistent finding in families with PDGFB, PDGFRB, or SCL20A2 gene mutations.
Single proton emission CT using technetium-99m hexamethylpropyleneamine performed in patients with IBGC shows decreased perfusion to the basal ganglia bilaterally and to the cerebral cortices, which correlates with the clinical presentation. 22 Interestingly, there was no significant difference between IBGC and controls on positron emission tomography scanning using fluorodopa. 8
Approach to a patient with basal ganglia calcification or suspected Fahr's disease
The usual clinical scenario in which a clinician starts to suspect IBGC is when a CT/magnetic resonance scan shows calcification in the brain, in particular the basal ganglia. It is important to interpret the findings with a clear consideration of age. People younger than 40 years almost always have a secondary cause, so it is likely that the calcification is Reported in 15 individuals from two families 12, 18 Reported in 24 individuals from eight families 16, 21 Ataxia No report in the literature Reported in 20 individuals from six families 16, 22, 23 
Psychiatric features
Reported in eight individuals from three families 18, 12, 22 Reported in 28 individuals from eleven families 16, [24] [25] [26] 
Parkinsonism
Reported in four individuals from three families 18, 12, 22 Reported in 54 individuals from 15 families 9, 16, [21] [22] [23] [24] [25] 27, 28 Chorea Reported in three individuals from one family 18, 22 Reported in 13 individuals from four families 21, 17, 25 Radiological features on CT 
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Current perspectives on Fahr's disease secondary. 23 The history is crucial to exclude drug-induced or poisoning-related brain calcifications, and may also help exclude central nervous system (CNS) infection, radiation exposure, or a metabolic cause. A general examination may help identify neurofibromas or other phakomatosis. 24 Skeletal defects, such as a small fourth or fifth digit, point to a parathyroid disorder. 25 The presence of psychiatric features can point to a parathyroid disorder and Fahr's disease. 26 The radiological pattern of calcification may guide clinical diagnosis. Usually, physiological calcification in the basal ganglia is limited to the globus pallidus and is bilateral and faint; other areas that may be involved include the pineal gland, falx, arachnoid granulation, and choroid plexus. 27 If the calcification is denser, involves the thalamus and dentate nucleus in a symmetric pattern, and includes the brainstem, cerebellum, and areas of cortical and subcortical white matter, then IBGC should be suspected. Dystrophic calcification can be seen with previous brain injuries due to a variety of causes, such as brain trauma, surgery, previous stroke, or hemorrhage. 28 The location of dystrophic calcification is often a clue that the diagnosis is not IBGC but secondary calcification in a previously injured part of the brain, and previous scans may be useful in confirming this. Calcification due to phakomatosis also follows a specific pattern, and if present, the changes may be diagnostic. Subependymal nodular calcification points to tuberous sclerosis, 29 gyriform cortical calcifications suggest Sturge Weber syndrome, 30 while nodular calcification in the cerebellum, periventricular region and disproportionate calcification in the choroid plexus suggests neurofibromatosis. 31 With regard to congenital CNS infection, the onset and clinical presentation are diagnostic in most cases, but periventricular calcification is common. More specifically, leptomeningeal calcification suggests cryptococcosis or tuberculosis. 32 Calcific granulomas can be seen anywhere in the brain, and may be due to neurocysticercosis, tuberculosis, or sarcoidosis, and are characteristically in the optic chiasm or pituitary stalk. 33 When the clinical and radiological picture do not fit with phakomatosis, tumor, or CNS infection, blood tests may help in identifying the cause of basal ganglia calcification, the most common of which is hypoparathyroidism. 25 Disorders of calcium metabolism must be excluded before a diagnosis of IBGC is made. Table 3 provides guidance on interpretation of blood results for calcium, phosphate, and parathyroid hormone levels to help diagnose underlying defects of calcium metabolism.
If routine blood tests of metabolism and endocrine function are negative, it is important to consider idiopathic or familial brain calcification. Genetic testing for IBGC is possible, but is not routinely available and must be limited to selected cases where genetic confirmation is needed after excluding secondary etiologies of basal ganglia calcification. If performed, testing for all three gene mutations should be done to prevent ambiguity and further confusion with a negative result from only one of the known gene mutations.
Management
Symptomatic or secondary basal ganglia calcification is best treated by addressing the underlying cause. IBGC is best managed with a multidisciplinary team approach. After diagnosis, patients should undergo regular follow-up with the neurology team to monitor development or progression of symptoms. Other services offer invaluable input, eg, physiotherapy and occupational therapy for patients with a movement disorder and psychiatric services for mood disorders and psychosis.
Pharmacological therapy can be divided into two broad categories of symptom control tailored to the individual and disease modification. Treatment of movement disorders is a main consideration in IBGC. Levodopa is useful for patients with parkinsonism, while those with dystonia may benefit from trihexiphenidyl or treatment of focal symptoms with Botulinum toxin. Functionally disabling chorea may be improved with antichoreic medication such as sulpiride or tetrabenazine. Patients who develop psychiatric features can be offered a mood stabilizer or an antipsychotic. Antiepileptic medication should be considered in the presence of seizures.
Currently, there is no treatment regimen to modify the disease process. There has been no success in targeting the deposition or removal of cerebral calcium (and other associated minerals). Disodium etidronate was used in one patient, who demonstrated symptomatic relief but with no change in calcification on imaging. 34 Use of nimodipine, a CNS-specific calcium channel blocking agent, has been unsuccessful. 4 Increasing understanding of the underlying genetic pathophysiology of the disease may bring new avenues of treatment in the future.
Prognosis
It is understandably difficult to predict the prognosis for patients with IBGC due to the variable clinical presentation.
Further, there appears to be little correlation between radiological findings, patient age, and clinical features.
Conclusion
Fahr's disease (IBGC) is a rare condition with basal ganglia calcification and a varied clinical picture, predominantly of movement disorders and behavioral or cognitive changes. Causative genetic mutations have been identified in recent years that help characterize this as a distinct disorder and not just a syndrome. The new developments also provide insight into the underlying pathophysiology, but this needs further research to become useful in terms of therapeutic goals.
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